Background: Vertebrobasilar dolichoectasia (VBD) is a rare disease characterized by significant expansion, elongation, and tortuosity of the vertebrobasilar arteries. Hydrocephalus is a rare compilation of VBD. Case Description: In this study, we report a 68-year-old male presenting with headache, progressive decreased visual acuity, memory loss, imbalance while walking, and episodes of urinary incontinency. The patient was diagnosed with dolichoectasia of basilar artery causing compression of the third ventricular outflow and thus, presenting with hydrocephalus documented with brain computed tomography scan and brain magnetic resonance imaging. The patient underwent surgical operation and ventriculoperitoneal shunt placement. Conclusion: In the case of hydrocephalus or normal pressure hydrocephalous, VBD should be considered as a differential diagnosis.
INTRODUCTION
Dolichoectasia is defined as a rare disorder of vascular elongation, widening, and tortuosity, with highly variable neurological symptoms and signs. Its prevalence in the adult population is estimated at 0.06-5.8% and affects most frequently the basilar and vertebral arteries, followed by the internal carotid artery and the middle cerebral artery. [1, 25] The main criteria for diagnosis of vertebrobasilar dolichoectasia (VBD) are a basilar artery or vertebral artery diameter >4.5 mm, deviation of more than 10 mm from the shortest expected course, basilar length >29.5 mm, or intracranial vertebral artery length >23.5 mm in magnetic resonance angiography. [5, 18, 20] VBD can develop without any clinical symptoms, and most cases are asymptomatic. Symptoms of VBD can be divided into ischemic, hemorrhagic, and mass effect, with ischemic stroke the most common symptom and also the most common cause of VBD-related death. [4, 14, 24] In a study about common sites of ischemic stroke in VBD patients, it was estimated that 41% of infarcts occur in the brainstem, 29% in the posterior cerebral artery territory, 22% in the thalamus, 2% in the cerebellum, and 2% in other regions. [14] The second most common symptom of VBD patients is brainstem and cranial nerve compression which can manifest as weakness, hypertension, cranial nerve palsy, and intracranial pseudospace-occupying lesions. [7, 9] VBD progression rate is slow and symptoms of brainstem compression are uncommon; however, some minor changes, such as the blink reflex latency and changes in motor-evoked potentials in limbs, can be detected. [13, 15] The most common symptoms of cranial nerve palsy are trigeminal neuralgia and hemifacial spasm, which are caused by VBD pulsatile compression of the trigeminal nerve root and facial nerve root. [3, 23] Another symptom in VBD patients is headache. VBD-caused headaches are rare but are observed in clinical practice. In recent studies headache is shown as a clinical manifestation in VBD patients. [6, 11] 
CASE REPORT
A 68-year-old male presented with headache and progressive visual loss over 12 months. He also complained of memory loss, gait disturbance, and episodes of urinary incontinency for the past 4 months. The patient's past medical and psychological history were normal. In physical examination, there was a significant decrease in visual acuity of both eyes (able to detect finger count in <1 m distance). Neurological examination revealed bilateral optic atrophy as a sign of increased intracranial pressure (ICP) on fundoscopic ophthalmic examination.
Due to his presentation, brain computed tomography (CT) scan was performed, which showed severe hydrocephalus with periventricular edema. Further evaluation with magnetic resonance imaging (MRI) of the brain demonstrated dilated lateral ventricles and dilated basilar artery, which was extending into the suprasellar cistern compressing floor of the third ventricle.
The patient was diagnosed with dolichoectasia of vertebrobasilar arteries which caused hydrocephalus [ Figure 1 ].
Because of the severe hydrocephalous, we recommended the patient for placement of a ventriculoperitoneal shunt. We avoided endoscopic third ventriculostomy because of the high risk of basilar artery injury. Endoscopic septostomy followed by unilateral ventriculoperitoneal shunting was performed and both Monro foramina and basilar pulsation were seen during endoscopic septostomy [ Figure 2 ; Videos 1 and 2].
The postoperative period was uneventful, and the patient was discharged from hospital on the fifth postoperative day. Patient's headache resolved during postoperative period, gait imbalance, memory disturbance, and urinary incontinency improved gradually during 6 months. The visual acuity remained unchanged. Follow-up imaging after 6 months revealed relief of the hydrocephalus with normal-sized ventricles [ Figure 3 ].
DISCUSSION

Mechanisms of hydrocephalus
It should be noted that hydrocephalus is a rare compilation of VBD. Estimated 5-year risk of progressive hydrocephalus is 3.3%. [22] Hydrocephalus is divided into obstruction-visible and obstruction-invisible based on radiological criteria. [24] Obstructive hydrocephalus is a rare complication of VBD. It is predominantly due to cerebrospinal fluid (CSF) circulation disorders caused by direct or indirect compression of the bottom of the third ventricle or midbrain aqueduct. [2, 7, 10, 12, 17, 26] It is assumed that obstructive-visible hydrocephalus in VBD is a result of compression of the foramen of Monro, the cerebral aqueduct, or the third ventricle. [26] However, some other studies declare a different mechanism for obstructive-invisible hydrocephalus; that is, a combination of increased CSF pulse pressure and impairment of outward CSF flow by counter current pulsations of the basilar artery. The proposed mechanism for obstruction-invisible hydrocephalus is a "water hammer" effect within the bottom of the third ventricle or foramina of Monro, which is generated by pulsatile blood flow in the dolichoectatic arteries and results in hydrocephalus under normal pressure. [2, 19, 24] Strong CSF pulsations become a water hammer, wear out the brain, and cause ventricular dilation. In other words, a basilar artery extending into the floor of the third ventricle exerts a water hammer pulse transmitted toward the foramina of Monroe, resulting in an impairment of outflow from the lateral ventricles and initiate distension. [10, 12] To confirm a possible water hammer effect causing the dilation of the ventricles, we should have confirmatory imaging such as ventriculogram or MRI Cine study demonstrating CSF flow through the aqueduct. In our case, the relatively rapid clinical course, the loss of visual acuity, and the marked ventriculomegally involving the lateral and third ventricles while sparing the fourth ventricle, all argue in favor of obstructive hydrocephalus produced by compression of the posterior third ventricle and/or aqueduct by the dolichoectatic basilar artery. The rapid resolution of the ventriculomegally with shunting would also be extremely unusual for NPH and supports the diagnosis of obstructive hydrocephalus.
Literature review
There are few studies which have reported hydrocephalus as a consequence of VBD. In a study of Ikeda et al., 7345 adult subjects were investigated. They found that 96 of them had asymptomatic VBD [ Table 1 ]. Among these 96 subjects, only four subjects had hydrocephalus as the neuroradiological finding. [4] In 1998, Marinescu et al. reported a case in which an aneurysm of the basilar artery was revealed by an ischemic stroke in a 65-year-old man. Hydrocephalus developed during the following months. The MRI studies showed that it could not be explained merely by a permanent compression. However, the patient improved clearly after a ventriculoperitoneal derivation.
Aneurysms of the basilar artery can cause hydrocephalus due to compression of the third ventricle or the Sylvian aqueduct. The observation of a particular case led to discuss another possible mechanism of hydrocephalus. The hydrocephalus could be explained by a "water hammering" effect due to the pulsating blood in the ectatic vessel, which created a CSF outflow impairment through the third ventricle. [10] Breig et al. [2] reported three cases of VBD-induced hydrocephalus without obvious obstruction of the ventricular system. In 2008, Siddiqui et al. described a case of a 71-year-old woman presenting with clinical features of raised ICP due to VBD producing obstructive hydrocephalus. The patient underwent emergency ventricular drainage, with resulting decompression of the ventricles and resolution of symptoms. [17] In 2011, Kansal et al. [8] reported a case of a 60-year-old male with dolichoectasia of the basilar artery causing compression of the third ventricular outflow and, thus, presenting with noncommunicating obstructive hydrocephalus.
In a prospective study, Passero et al. investigated 156 patients with VBD for an average follow-up period of 11.7 years. Hydrocephalus occurred in only two cases (1.3%) of VBD. On the contrary, ischemic stroke occurred in 59 cases (37.8%), cranial nerve and brainstem compression occurred in 31 cases (19.9%), and cerebral hemorrhage occurred in 21 cases (13.5%). [13, 23] In 2015, Zisimopoulou et al. reported a 48-year old male with a profound dilatation of the ventricular system due to a dolichoectatic basilar artery. They mentioned that the patient suffered from longstanding hydrocephalus and presenile dementia. They suggested that the dilated basilar artery initially caused nonobstructive or obstructive-invisible hydrocephalus under the water hammer effect by impairment of CSF flow. That resulted to the aforementioned symptoms of evolving cognitive impairment and personality changes. Secondarily, as the VBD evolved by direct compression of the third floor ventricle, hydrocephalus worsened. [26] According to our literature review, among the reported cases, Ricci et al. [16] and Weber et al. [21] managed hydrocephalous by planting bilateral ventriculoperitoneal shunt, and the other cases managed by one-sided ventriculoperitoneal shunting.
VBD-induced hydrocephalus is a very rare condition, which is commonly managed with ventriculoperitoneal shunt [ Table 1 ]. The treatment of hydrocephalus secondary to VBD depends on the site of obstruction. Patients with bilateral obstruction of foramen of Monroe could be managed with bilateral ventriculoperitoneal shunt. In obstruction of the third ventricle or aqueduct of Sylvius, a unilateral ventriculoperitoneal shunt is sufficient. [17, 19, 24] 
CONCLUSION
In the case of hydrocephalus or NPH, VBD and other vascular malformations should be considered as a differential diagnosis. We proposed that as in the NPH, Windkessel effect could be one of the probable cause of hydrocephalous in vertebrobasilar dolichoectatic-induced hydrocephalous by interfering with normal CSF circulation and pulsation.
